Abstract It is not known whether or not muscle spasm of the back muscles presented in patients with sciatic scoliosis caused by lumbar disc herniation produces muscle pain and/or tenderness. Pressure pain thresholds (PPTs) of the lower back and lowback pain were examined in 52 patients (13 of 52 presenting sciatic scoliosis) with lumbar disc herniation who complained of radicular pain and in 15 normal subjects. PPTs were measured at five points bilaterally using an electronic pressure algometer. Low-back pain was evaluated using visual analogue scale (VAS) ratings. All patients complained of radicular leg pain and were divided into the following three groups according to the presence of and the region of low-back pain: no low-back pain group, low-back pain with no laterality group, and lowback pain dominantly on the herniation side group; the VAS rating on the side ipsilateral to the herniation side was higher than that on the contralateral side. In the normal subjects, there were no statistically significant differences between sides in mean PPTs at all sites examined. PPTs were not lower in the spasmodic side (concave side) than the convex side in patients with sciatic scoliosis. PPTs on the herniation side were significantly lower than those on the contralateral side in patients with low-back pain dominantly on the herniation side. Furthermore, the areas of low PPTs were beyond the innervation area of dorsal ramus of L5 and S1 nerve root. It was considered that not only the peripheral mechanisms but also the hyper excitability of the central nervous system might contribute in lowering PPTs of the lower back on the herniation side.
open to question [26, 35] . Furthermore, it was reported that animal experiments of the low-back muscle pain model also did not produce hyper tonus of the back muscles [22] . Taken together, these findings put forth the question of whether or not secondary low-back pain is truly produced by spasm of the back muscles.
Regarding the neural mechanisms in the development of hypersensitivity of the tissues, such as muscle tenderness, attention has recently focused on central neural mechanisms in addition to peripheral mechanisms. A barrage of nociceptive input results in changes in the response properties of dorsal horn and brain stem neurons, such as wide-dynamic range neurons (WDR) and nociceptive-specific neurons [40, 42] . This neuroplasticity alters the normal processing of nociceptive and non-nociceptive information, and, consequently, pain thresholds may be lowered. Several clinical reports also suggest the involvement of central mechanisms in the lowering of pressure pain thresholds (PPTs) in musculoskeletal disorders [23] . In addition to the neural mechanism mentioned above, muscle exertion [31, 32] , psychologic stress [28] , ovarian cycle [10] and many other factors have been reported to influence PPTs.
However, the influence of the central mechanisms on pain threshold in low-back disorders has not been well understood. One of the reasons is that the etiology of low-back pain varies and the diagnosis is difficult. Furthermore, it is difficult to eliminate the influence of muscle spasm of the back muscle, which is sometimes presented in low-back disorders.
To elucidate the relationship between muscle spasm, pain and tenderness of the back muscles, we consider sciatic scoliosis due to lumbar disc herniation to be a good model. Since spasm of the lowback muscle is generally unilateral and usually occurs on the side contralateral to the herniation [27, 37] , we could, therefore, separately observe the effect of low-back pain and muscle spasm on the pressure pain threshold of the lower back on the respective side.
In the present study, we examined firstly the side differences of PPTs of the lower back in the normal subjects. Secondly, in order to elucidate the influence of muscle spasm on PPTs, PPTs of each side of the lower back in patients with sciatic scoliosis caused by lumbar disc herniation were investigated. Finally, we studied the relationship between the low-back pain intensity and the PPTs of the lower back.
Materials and methods
A group of 52 patients (18 females, 34 males; mean age 41±14 years) and 15 control subjects (one female, 14 males; mean age 27±3 years) participated in the study. All patients were diagnosed as single-level unilateral lumbar disc herniation (L4/5; 25 and L5/S; 27) by MRI. The duration from the onset of sciatic pain to the examination ranged from 1 to 360 days, averaging 55±77 days. Sciatic scoliosis was defined as a Cobb angle of more than 5 degrees between L1 and L5 in anteroposterior lumbar radiographs in the standing position and a lack of a history of idiopathic scoliosis. From this definition, 12 patients (six females, six males; mean age 33±8 years) were diagnosed as sciatic scoliosis. As normal subjects, healthy volunteers with no history of low-back pain were recruited.
An electronic pressure algometer (Somedic, Farsta, Sweden) was used to measure PPTs. This algometer consisted of a gun-shaped handle with a pressure-sensitive strain gauge at the tip. The probe of the tip was covered with 1.0-cm 2 neoplane rubber, to avoid adverse skin pain stimuli. The display showed pressure (kPa) and a scale indicating the rate of pressure force increase. The scale enabled the examiner to keep any desired rate of pressure increase. In this study a rate of 50 kPa/s was chosen. The subject indicated pain threshold by pressing a button which froze the current pressure value on the digital display.
All measurements were made by the same investigator (J.H.), with the subjects in a relaxed prone position. The subjects were fully informed that the investigation aimed at determining the individual pain threshold, not pain tolerance. The algometer was demonstrated and the subjects were instructed to push the button exactly at the moment when the pressure sensation turned into a pain sensation. PPT was measured at the following five points bilaterally: Med.1, 3 and 5; 2 cm lateral to the L1, 3 and 5 spinous process, and Lat. 1 and 3; 5 cm lateral to the L1 and 3 spinous process ( Fig. 1 ). Prior to PPT measurement, all subjects had tried pressure stimulation of a thoracic level. In this study, patients who perceived pain radiating to the buttock or lower extremity when the pressure was applied to the measuring point were excluded.
Low-back pain was evaluated on the right and left sides separately using a visual analogue scale (VAS) rating (0-100 mm) at the time when they felt the strongest pain regardless of their position. Low-back pain was defined as pain in the area between the L1 spinous process level and the iliac crest ( Fig. 1) .
In study 1, mean PPTs at each point were compared between the right and left sides in the normal subjects.
In study 2, mean PPTs at each point were compared between the concave side (considered as the muscle spasm side) and the convex side in patients with sciatic scoliosis.
In study 3, patients were divided into the following three groups: no low-back pain, low-back pain with no laterality, and low-back pain dominantly on the herni-ation side; the VAS rating on the side ipsilateral to the herniation side was higher than that on the contralateral side.
Mean PPTs at each point were compared between the ipsilateral side and the side contralateral to the lumbar disc herniation.
Study 4: in order to determine the relationship between the VAS rating and PPT, the difference between the herniation and contralateral side VAS ratings and PPTs were calculated at Med. 5. To obtain positive values in both variables, calculation for VAS ratings and PPT were performed in opposite ways (i.e., ipsilateralcontralateral for VAS and contralateral-ipsilateral for PPT).
Additionally, to examine whether sciatic pain (nociceptive information derived from the ventral ramus) affects the PPTs of the low back or not, the relationship between leg pain VAS ratings and PPTs differences (PPT contralateral -PPT ipsilateral ) was calculated at Med. 5, in the group without low-back pain but suffering from sciatic pain.
For each point, mean PPTs between the two sides were analyzed by Wilcoxon signed-ranks test. Data are presented as mean±SD. In study 1, Kruskal-Wallis test and Mann-Whitney's U-test was used to analyze differences among the measured points in the control group. In study 4, a linear regression analysis was used. A P-value of less than 0.05 was considered to be statistically significant.
Results

Study 1
In the normal subjects, at Lat.1 and Lat.3, there was a tendency for a low PPT on the left side, but it was not statistically significant. At Med.1, Med.3 and Med.5, there were no statistically significant side differences in mean PPTs (Table 1) . Therefore, to compare among the five sites, the data of each site from the right and left sides were averaged.
The mean PPTs differed significantly among the five sites examined (P=0.0033) (Fig. 2) (Fig. 2) . Mean PPTs on the caudal most site tended to show lower PPTs (Med. 5; 398.4±163.6 kPa) than the cranial most site (Med.1; 439.7±124.4 kPa) but this was not statistically significant (Fig. 2) .
Study 2
Thirteen patients presented sciatic with scoliosis. Eleven of 13 patients had a lumbar disc herniation at the convex side of scoliosis. Low-back pain intensity on the concave side (mean VAS: 17.0±20.4 mm) was lower than the convex side (mean VAS: 47.0±28.2 mm). There were no statistical differences between the concave (muscle spasm) and convex sides at Med. 1, Lat. 3 and Lat. 5 ( Table 2 ). The difference in intensity at Med. 3 and Med. 5 was statistically significant. However, the concave (muscle spasm) side showed a higher PPT than the convex side (Table 2 ). These results indicated that the muscle spasm side is not more sensitive to pressure.
Study 3
In the group with low-back pain dominantly on the herniation side (n=30), the mean VAS rating was 57.2± 23.1 mm on the herniation side and 12.8±20.2 mm on the contralateral side. The mean PPT on the herniation side was significantly lower than that on the contralateral side at all five sites ( Table 3) . The mean PPTs in the group without low-back pain (n=16) did not differ between the herniation side and the contralateral side (Table 4 ). In the group with lowback pain with no laterality (n=6), the mean VAS rating was 45.7±25.0 mm. The mean PPTs at all five sites did not differ between the herniation side and the contralateral side (Table 5) .
Study 4
As shown in Fig. 3 , a significant linear correlation was found between low-back pain VAS rating differences and PPT differences at Med. 5 (R=0.505, P=0.0001). There was no correlation between the leg pain VAS rating and PPT differences at Med. 5 (R=0.105, P=0.66; Fig. 4 ).
Discussion
Manual palpation is the most widely used clinical method to assess muscle pain. However, this method is subjective and it is difficult to quantify or standardize. In contrast, the reliability and validity of PPTs have been reported in patients with a variety of musculoskeletal pain syndromes [8, 33] , as well as in asymptomatic subjects [3, 9, 14, 18, 24] .
According to the previous report, although the PPTs inter-observer reliability of short-term has been reported to be good [9, 18, 19] , the second immediate consecutive measurements were slightly lower [18, 24] , likely due to local irritation from the first session. Therefore, in the present study, PPTs were measured only once at each point.
It has been reported that there are differences in PPT between different tissues and anatomical sites. Considering the PPT differences between the right and left sides, Brennum et al. [6] reported that the PPT on the dominant side in fingers is higher than that on the nondominant side. However, no difference has been reported between the right and left sides in PPT in the body trunk [2, 18, 24] . It was reported that muscle exertion [31, 32] , psychologic stress [28] , ovarian cycle [10] and many other factors influence PPTs. However, these factors may have a general influence on the bilateral body [31, 32] .
In accordance with the previous report, here PPTs on the right and left sides of the lower back in the normal subjects showed no statistical differences. However, there were site differences; in particular, the more lateral sites (L1 and L3) of the lower back showed lower PPTs.
In the present study, PPTs of the back muscles of patients with sciatic scoliosis were examined to elucidate the influence of muscle spasm on the PPTs. Clinically, muscle spasm caused by painful disease is difficult to define, and further, the neural mechanisms are not well understood. Prolonged sustained contraction of the muscle is well known to be painful. Several authors have reported that hyperactivity of the muscles does not always exist in musculoskeletal pain conditions [26] . However, the demise of the hyperactivity-causality model does not mean that motor performance is unrelated in the presence of pain.
Lund et al. [26] suggested that the changes in motor performance in several chronic pain conditions are caused by protective adaptations explained by the action of pain on segmental interneurons. Johansson and Sojka [20] proposed that the increased muscle tone is due to the increase in stretch reflex activity caused by increased c-motoneuron discharge. Hirayama et al. [17] reported that noxious stimulation increases prolonged stretch reflex activity caused by the central sensitization of the spinal neurons using sciatic scoliosis in an animal model. Although several neural mechanisms of muscle spasm have been reported, it remains to be proven whether or not muscle spasm causes muscle pain.
In the present study, it was revealed that the lowback pain intensity on the concave side (spasm side) was not higher than that on the convex side. Furthermore, PPTs on the concave side (spasm side) also were not lower than those on the convex side. These results can be interpreted as follows: (1) muscle spasm of the back muscles presented in sciatic scoliosis did not cause muscle pain, (2) muscle spasm produced muscle pain, but the influence of low-back pain produced by lumbar disc herniation masked the effect. In order to confirm this finding, further longitudinal study (i.e., between the periods during and after suffering from the symptoms) within the patient group and a comparative study using age, gender, etc. with matched controls will be necessary.
Regarding the low-back pain caused by lumbar disc herniation, little information is available in the literature about the nature and the area of the low-back pain [29, 36, 39] , since it is less pronounced than sciatic pain and few studies have been undertaken. According to clinical and animal experiments, the possible sources of low-back pain caused by lumbar disc herniation are the dorsal ramus component of an injured nerve root [4] , the lumbar disc itself [25, 36] and compressed dura [21, 25, 36] . Although it is probable that the dorsal ramus component of an injured nerve root may cause unilateral low-back pain, the lumbar disc and dura are innervated bilaterally [30] , which may affect PPTs on both sides. Therefore, here low-back pain was evaluated separately on the right and left sides. The group without lowback pain showed no side differences in the PPTs, and were considered to not be affected by any low-back pain source. The low-back pain with no laterality group also showed no side differences in PPTs.
In contrast, PPTs on the herniation side were significantly lower than those on the contralateral side in patients with low-back pain dominantly on the herniation side. One possible explanation is hypersensitivity of the sensory neurons of an injured dorsal ramus caused by lumbar disc herniation. It has been reported that injured sensory neurons frequently become electrically hyperexcitable due to upregulation of voltage-dependent ion channels [1, 12, 13] , which may partly contribute to the hyperalgesia in the animal model. The presence of a ''tender point'', usually noticed around the sciatic nerve in patients with lumbar disc herniation, is well known [16, 38] . However, the area where decreased PPTs were found was not restricted only to the area innervated by the injured dorsal ramus of L5 or S1 nerve root. There are several deep structures, such as multifidus muscle and the facet joint, underlying the Med. 1, Med. 3 and Med. 5 sites. Multifidus muscle is known to be innervated unisegmentally [5, 7] . Recently, the multifidus muscle was revealed to be polysegmentally innervated, from EMG data obtained from neurotomy of the medial branches of the dorsal ramus; however, the medial branch of the dorsal ramus innervates several segmental levels caudally, but not rostrally [41] . Iliocostalis muscle underlies the sites at Lat.1 and Lat.3. However, it does not receive a nerve supply from the L5 spinal nerve, which has no lateral branch of the dorsal ramus. These facts indicate that the results that lowering of PPTs at Med. 1, Med. 3 and Lat.1 and Lat. 3 could not be simply explained by only peripheral mechanisms.
It has been reported that a barrage of nociceptive input results in changes to the response properties of dorsal horn neurons and amplifies other noxious or non-noxious inputs [40] . It was reported that experimentally induced muscle pain lowers pain threshold in an area distant to the pain induction in humans [15] . Furthermore, in animal studies, expansion of receptive fields of the deep structures, as well as receptive fields of the skin, has been found as a manifestation of central hyerexcitability [11, 42] . Such central processing may explain the lowering of PPTs detected beyond the innervation area of the L5 and S1 dorsal ramus in this study.
Conclusion
This study showed that there were no differences between sides in mean PPTs in the normal subjects. In patients with sciatic scoliosis, PPTs on the spasmodic side (concave side) were not lower than those on the convex side. PPTs on the herniation side were significantly lower than those on the contralateral side in patients with low-back pain dominantly on the herniation side. The site of lowed PPTs was beyond the innervation area of the L5 and S1 dorsal ramus, which indicates the involvement of central neuromechanisms.
